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. .  

FOREWORD 

This  volume has been prepared f o r  t h e  Funct ional  I n t e g r a t i o n  Sec t ion ,  
Systems I n t e g r a t i o n  and Operations Branch, Vehicle Systems Divis ion ,  Propul- 
s i o n  and Vehicle  Engineering Laboratory,  by Engineering Communications 
Department, Chrysler  Corporat ion Space Div is ion ,  under c o n t r a c t  number 
NASB-4016. 

The fol lowing series, of which t h i s  volume i s  a p a r t ,  f u n c t i o n a l l y  de- 
s c r i b e s  t h e  mechanical and electromechanical  systems of Saturn I,  SA-9 space 
v e h i c l e  and Launch Complex 37: 

Volume I. 
Volume 11. 
Volume 111. 
Volume I V .  
Volume V. 
Volume V I .  
Volume V I I .  
Volume V I I I .  
Volume I X .  
Volume X. 
Volume X I .  

RP-1 Fuel System 
LOX System 
LH2 System 
Nitrogen and Helium Storage  F a c i l i t y  
Pneumatic D i s t r i b u t i o n  System 
Environment a1 Control  System 
Launch Pad Accessories  
H-1  Engine and Hydraulic System 
RLlOA-3 Engine and Hydraul ic  System 
Separat ion and F l i g h t  Termination Systems 
Supplement: Legend and Composite Schematic 

Each volume (except Volume X I )  conta ins  mechanical schematics and a l i s t  of 
a p p l i c a b l e  f ind ing  numbers. 

Volume X i s  intended f o r  use by NASA and prime con t r ac to r  management and 
a d m i n i s t r a t i v e  personnel .  A l l  information a v a i l a b l e  by December 5 ,  1963, has  
been included;  however, separa t ion  sequence changes and p rope l l an t  d i s p e r s i o n  
ordnance changes e s t a b l i s h e d  i n  January and February,  1964, have been incor -  
po ra t ed  i n  t h i s  document. 
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1. SEPARATION SYSTEM DESCRIPTION 

The guidance computer i n i t i a t e s  a l l  commands necessa ry  t o  s e p a r a t e  t h e  
S - I V  s t a g e  from t h e  S - I  s t a g e .  
t i n u e  through u l l a g e  r o c k e t  j e t t i s o n ,  i n  a predetermined sequence t h a t  l as t s  
approximately 60 seconds. Major ope ra t ions  i n i t i a t e d  i n  t h i s  sequence inc lude  
S - I V  engine (RLlOA-3)  p r e s t a r t ,  S - I  engine (H-1) c u t o f f ,  u l l a g e  rocke t  i g n i t i o n  
and j e t t i s o n ,  r e t r o r o c k e t  i g n i t i o n ,  s e p a r a t i o n  b o l t  expu l s ion ,  S-IV engine 
hydrau l i c  p o s i t i o n i n g ,  R L l O A - 3  engine s t a r t ,  p r o p e l l a n t  u t i l i z a t i o n  system 
a c t u a t i o n ,  and t r a n s f e r  of c o n t r o l s  and t e l eme t ry  s i g n a l s  from the  S - I  s t a g e  
t o  t h e  instrument  u n i t  and S-IV s t a g e .  The computer, l o c a t e d  i n  t h e  i n s t r u -  
ment u n i t ,  i s s u e s  a l l  commands through f l i g h t  sequencers i n  t h e  S - I  s t a g e  and 
instrument  u n i t .  

The commands begin w i t h  LH2 p r e s t a r t  and con- 

The fol lowing d e s c r i p t i o n s  include only t h o s e  electromechanical  and 
chemical (explosive)  components t h a t  a r e  not  an i n t e g r a l  p a r t  of systems 
d e s c r i b e d  elsewhere i n  HEC-D042. 

1.1. Vent Panels  

Eight f i b e r g l a s s  vent  panels ,  e q u a l l y  spaced around t h e  S-11s-IV i n t e r -  
s t a g e ,  are r ipped  from t h e  i n t e r s t a g e  by a de tona t ing  cord.  
oxygen discharged from t h e  RLlOA-3 engines du r ing  p re s t a r t .  

This  v e n t s  t h e  

~ € 3 0 8 - I  (6 PLACES) y E 3 0 8 - 2  

m 
DE TONATOR BLOCK 1 
(2  PLACES) 

Vent Panel Release 

I n s t a l l e d  along t h e  a t t a c h i n g  edge of each ven t  p a n e l ,  Detonating Cords 
E 3 0 8  form a s i n g l e  exp los ive  harness by j o i n i n g  end t o  end a t  coupl ing blocks.  
Exploding Bridgewire (EBW) Detonators E 3 5 3  i n i t i a t e  de tona t ion .  

1 . 2 .  H - 1  Engine Cutoff I n i t i a t i o n  Devices 

Actuat ion of any of t h e  four  l e v e l  s e n s o r s  (B104 and B161) s t a r t s  t h e  
guidance computer time base t h a t  i n i t i a t e s  inboard engine c u t o f f .  Fuel D e -  
p l e t i o n  Sensors B119 and B120 ensure f u e l  r i c h  c u t o f f  of t he  outboard engines.  

1 



Volume V I 1 1  desc r ibes  t h r u s t  OK pressure  swi tch  ope ra t ion  and engine 
shutdown s t a r t i n g  wi th  de tona t ion  of t he  conax va lve  squibs .  Figure 1 on 
page 1 7  l o c a t e s  the l e v e l  and d e p l e t i o n  sensors  i n  t h e  p r o p e l l a n t  con ta ine r s .  

I. 3. Separat ion Bolt  Assemblies 

Four separa t ion  b o l t  assembl ies ,  j u s t  i n s i d e  t h e  v e h i c l e  s k i n ,  release t h e  
S - I V  s t a g e  from t h e  S-I/S-IV i n t e r s t a g e  a t  s t a t i o n  1146.693. Each b o l t  assem- 
b l y  c o n s i s t s  b a s i c a l l y  of a b o l t ,  a sp r ing  assembly between t h e  b o l t  head and 

g i b l e  nu t  w i th  two c a v i t i e s  f o r  explos ive  charges.  
, t h e  S - I V  s t a g e  a f t  s k i r t ,  and (under t h e  upper i n t e r s t a g e  r i n g  frame) a f r an -  

SEPARATION BOLT 

STAGE SEPARATION PLA 

DETONATOR BLOCK 

Separa t ion  Bol t  Release 

Explosive Harness Assembly E313, c o n s i s t i n g  of mild de tona t ing  fuse  and 
f r a n g i b l e  nut  explos ive  charges ( s h e l l  a s sembl i e s ) ,  s p l i t s  Frangib le  Nuts 
E302, which allows t h e  sp r ing  t o  e j e c t  t h e  b o l t s .  EBW Detonators E351 
i n i t i a t e  detonat ion.  

1.4. Ullage Rockets 

Four s o l i d  p rope l l an t  u l l a g e  rocke t s  a c c e l e r a t e  t h e  S-IV s t a g e  from the 
spent  S - I  s t a g e .  This  a c c e l e r a t i o n  p o s i t i o n s  t h e  p r o p e l l a n t ,  and t h e  r e s u l t -  
i n g  s t a g e  separa t ion  reduces t h e  e f f e c t  of RLlOA-3 engine exhaust impingement 
on t h e  S - I  s t age .  I n s t a l l a t i o n  of t h e  u l l a g e  r o c k e t s  on t h e  S- IV  s t a g e  a f t  
s k i r t ,  wi th  t h e i r  nozz les  a f t  and r a d i a l l y  35 degrees  outward from t h e  v e h i c l e  
c e n t e r l i n e ,  d i r e c t s  t h e  t h r u s t  near  t h e  cen te r  of percuss ion  and reduces 
exhaust  gas e f f e c t  on t h e  v e h i c l e .  

I g n i t e r s  E294, conta in ing  e l e c t r i c a l l y  f i r e d  I n i t i a t o r s  E291, a t t a c h  t o  
and s t a r t  Ullage Rockets E290. 

When the  two f r a n g i b l e  n u t s  r e t a i n i n g  each  u l l a g e  rocke t  have s p l i t ,  a 
s p r i n g  j e t t i s o n s  t h e  spent  rocke t .  Detonation of Explosive Harness Assemblies 
E293, each s imi l a r  t o  t h a t  f o r  t h e  sepa ra t ion  b o l t  assembl ies ,  s p l i t s  Frangib le  
N u t s  E292. EBW Detonators E350 i g n i t e  t h e  end of each explos ive  harness  
assembly. - 
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E291-4 
(2 PLACES) 

, & y - E 2 9 1 - 2  (2 PLACES) v E 2 9 1 - 1  (2 PLACES) 

Ullage Rockets 
1 .5 .  Ret rorockets  

Four s o l i d  p r o p e l l a n t  r e t r o r o c k e t s  r e t a r d  t h e  spent  S - I  s t a g e .  This  i n -  
c r e a s e s  s t a g e  s e p a r a t i o n ,  f u r t h e r  reducing t h e  e f f e c t  of RLlOA-3 exhaust  i m -  
pingement. I n s t a l l a t i o n  of the r e t r o r o c k e t s  on t h e  S - I  s t a g e  sp ide r  beam, 
w i t h  t h e i r  nozz les  forward and r a d i a l l y  1 2  degrees  outward, d i r e c t s  t h e  t h r u s t  
through t h e  t h e o r e t i c a l  cen te r  of percuss ion .  

8500 - I 7 

(4 PLACES) 

8503 -%-it 

8500- 2 7 8500-3 7 8500-4 

k;il 8501 
(8 PLACES) 

R e t  r orocke t s 
I g n i t e r s  B503, each containing e l e c t r i c a l l y  f i r e d  I n i t i a t o r s  B501, 

a t t a c h  t o  and s t a r t  Retrorockets  B500. 
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2. SEPARATION SEQUENCE 

The guidance computer i s sues  commands on t h r e e  s e p a r a t e  t i m e  bases :  l i f t -  
o f f  (LO), p rope l l an t  l e v e l  sensor  a c t u a t i o n  (LSA), and outboard H - 1  engine  c u t -  
o f f  (OECO).  The fol lowing sequence inc ludes  only  those  commands r e l a t e d  t o  
s t a g e  sepa ra t ion .  

2.1. RLlOA-3 Engine P r e s t a r t  

The computer i n i t i a t e s  RLlOA-3 engine p r e s t a r t  (descr ibed  i n  Volume IX) 
a s  fo l lows:  

a .  

b .  A s igna l  a t  LO +125,k seconds charges t h e  vent  panel EBW f i r i n g  

A s i g n a l  a t  LO +109.3 seconds i n i t i a t e s  t h e  LH2 p r e s t a r t  sequence. 

u n i t s .  

c .  A s igna l  a t  LO +134.4 seconds enables  (completes t h e  c i r c u i t  from) 
p r o p e l l a n t  Level Sensors B104 and B161. A s i g n a l  from any o f  
these  sensors  w i l l  then  s tar t  t h e  second computer t i m e  base  (LSA). 

d .  A s igna l  a t  LSA + O . l , k  second i n i t i a t e s  S- IV LOX p r e s t a r t  and vent  
panel r e l e a s e .  

e. A s i g n a i  a c t u a t e s  four of t h e  LOX-SOX d i sposa l  system va lves  a t  
LSA +1.27’: seconds.  A f i f t h  va lve  opens a t  LSA +3.5:\ seconds and 
t h e  s i x t h  and seventh va lves  open a t  LSA +5.0J: seconds.  (See 
Volume V.) 

2.2.  H-1 Engine Cutoff 

By f i r i n g  the  inboard engine conax va lve  s q u i b s ,  a computer s i g n a l  a t  
LSA +2.0 seconds i n i t i a t e s  t h e  inboard engine c u t o f f  sequence (descr ibed  i n  
Volume V I I I ) .  

A computer s igna l  a t  LSA +7.0 seconds e l e c t r i c a l l y  in t e rconnec t s  t h e  o u t -  
board engine  t h r u s t  OK p re s su re  switches and enables  Fuel  Deplet ion Sensors 
B119 and B120. 

I f  any outboard engine t h r u s t  OK p re s su re  swi tch  deac tua te s ,  o r  i f  e i t h e r  
of t h e  f u e l  deple t ion  sensors  a c t u a t e s ,  t h e  outboard  engines  w i l l  c u t  o f f .  I f  
n e i t h e r  t h e  t h r u s t  OK p re s su re  switches nor  t h e  f u e l  d e p l e t i o n  senso r s  c u t  o f f  
t h e  engines  by LSA +8.1 seconds,  a s i g n a l  from t h e  computer w i l l  i n i t i a t e  o u t -  
board engine cu tof f  by de tona t ing  t h e  conax valve squ ibs .  

aDenotes approximate time. Actual  time w i l l  b e  determined a f t e r  f u r t h e r  
tes t ing . 
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Outboard engine cu to f f  s t a r t s  t h e  t h i r d  computer t i m e  base. 

2.3. Sepa ra t ion  I n i t i a t i o n  

A computer s i g n a l  a t  OECO t 0 . 7  second i n i t i a t e s  f i r i n g  of t h e  u l l a g e  
rocke t  i n i t i a t o r s .  The u l l a g e  rockets  burn f o r  t h r e e  t o  fou r  seconds. 

A t  OECOt0.8 second, t h e  computer e m i t s  a s e p a r a t i o n  command t h a t  
i n i t i a t e s  s e p a r a t i o n  b o l t  r e l e a s e ,  r e t r o r o c k e t  i g n i t i o n ,  and S-IV c o n t r o l  
swi t ch  ac tua t ion .  The f r a n g i b l e  n u t s  break,  f r e e i n g  t h e  s e p a r a t i o n  b o l t s  
between 0.011 and 0.018 second a f t e r  t h e  s e p a r a t i o n  command. The S - I  s t a g e  
r e t r o r o c k e t s  i g n i t e  between 0.033 and 0.068 second a f t e r  t h e  s e p a r a t i o n  
command and burn f o r  2.15 seconds. The S-IV s t a g e  c o n t r o l  switch completes 
a c t u a t i o n  between 0.117 and 0.176 second a f t e r  s e p a r a t i o n  command, t r a n s -  
f e r r i n g  t h e  fol lowing s i g n a l s :  servovalve c o n t r o l ,  engine p o s i t i o n  feedback 
c o n t r o l ,  engine p o s i t i o n  te lemetry,  engine p o s i t i o n  t e l eme t ry  potent iometer  
e x c i t a t i o n ,  and c o n t r o l  switch talkback. 

2.4. S-IV Engine P r e - i g n i t i o n  Hydraulic P o s i t i o n i n g  

A computer s i g n a l  unlocks t h e  hydrau l i c  system sequence va lves  a t  OECO 
t 1 . 6 5  seconds, allowing t h e  hydraul ic  a c t u a t o r s  t o  p o s i t i o n  t h e  RLlOA-3 en- 
g i n e s  p r i o r  t o  i g n i t i o n .  

2.5. S-IV Engine S t a r t  (See Volume IX.) 

A computer s i g n a l  a t  OECO $2.5 seconds i n i t i a t e s  (a) helium h e a t e r  pro- 
p e l l a n t  v a l v e  opening (Volume I I ) ,  (b) RLlOA-3 engine s t a r t  va lve  opening, 
( c )  RLlOA-3 engine LH2 overboard d r a i n  c l o s i n g ,  and (d) helium h e a t e r  and 
RLlOA-3 engine i g n i t i o n .  

A computer s i g n a l  a t  OECOt5.4 seconds i n i t i a t e s  (a )  arming of S-IV 
s t a g e  'engine-out '  c a p a b i l i t y ,  (b) de-energizing of helium h e a t e r  and RLlOA-3 
engine i g n i t i o n ,  and (c )  de-energizing of opening so leno ids  i n  t h e  h y d r a u l i c  
system sequence va lves .  

2.6. P rope l l an t  U t i l i z a t i o n  System Actuat ion 

A computer s i g n a l  a t  OECO t 7 . 4  seconds a c t u a t e s  t h e  p rope l l an t  u t i l i z a -  
t i o n  system. 

2.7. Ullage Rocket J e t t i s o n  

A computer s i g n a l  a t  OECO t12.8 seconds i n i t i a t e s  u l l a g e  rocke t  j e t t i s o n .  

5 



3. FLIGHT TERMINATION SYSTEM DESCRIPTION 

Independent ye t  exp los ive ly  interconnected f l i g h t  t e rmina t ion  systems 
(one on t h e  S - I  s t a g e  and one on t h e  S-IV s t a g e )  provide a means of s h u t t i n g  
o f f  t h e  engines and d i s p e r s i n g  t h e  p r o p e l l a n t s  a t  any t ime during powered 
f l i g h t .  The decis ion t o  t e rmina te  f l i g h t  i s  based on t h e  imminence of an ex- 
p los ion  o r  on the d e v i a t i o n  o f  t h e  v e h i c l e  from i t s  programmed f l i g h t  path.  

Command t r a n s m i t t e r s  along t h e  A t l a n t i c  M i s s i l e  Range provide coded 
s i g n a l s  t o  t h e  v e h i c l e  f l i g h t  t e rmina t ion  system. Th i s  system, on r e c e i p t  of 
t h e  a p p l i c a b l e  s i g n a l s  from a command t r a n s m i t t e r ,  i n i t i a t e s  engine shutdown, 
p rope l l an t  d i spe r s ion  system (PDS) arming, and PDS ordnance detonat ion.  The 
engine shutdown command arms t h e  p rope l l an t  d i s p e r s i o n  system, f i r e s  squibs  
i n  t h e  H - 1  engine conax v a l v e s ,  and de-energizes  t h e  S - I  s t a g e  p r o p e l l a n t  p r e -  
valves  and t h e  RLlOA-3 engine pres ta r t  and s t a r t  s o l e n o i d s .  The d e s t r u c t  
command detonates  t h e  PDS ordnance, which seve r s  t h e  R P - 1 ,  LH2, and LOX con- 
t a i n e r s .  The r e s u l t i n g  p rope l l an t  d i s p e r s i o n  y i e l d s  an explosion t h a t  i s  only 
a small  f r a c t i o n  of t h e  t h e o r e t i c a l  y i e l d .  To i n c r e a s e  r e l i a b i l i t y ,  t h e  S - I  
and S- IV  s t a g e  PDS ordnance a r e  connected u n t i l  s t a g e  sepa ra t ion .  

Each f l i g h t  t e rmina t ion  system c o n s i s t s  of t h e  fol lowing major compo- 
nent s : 

a.  

b. 

C. 

d. 

e. 

f .  

g. 

Because 

f o u r  antennas t h a t  r e c e i v e  s i g n a l s  from t h e  command t r ansmi t -  
t e r s ,  

two command systems t h a t  decode s i g n a l s  from t h e  r ece iv ing  
antennas and i n i t i a t e  f l i g h t  t e r m i n a t i o n ,  

t w o  EBW f i r i n g  u n i t s  t h a t  provide h igh  v o l t a g e  charges t o  t h e  
detonators  , 

two EBW de tona to r s  t h a t  i n i t i a t e  de tona t ion  of t h e  exp los ives ,  

a s a f e t y  and arming device t h a t  completes o r  i n t e r r u p t s  t h e  
explosive t r a i n ,  

Primacord t h a t  connects t h e  exp los ive  i n s e r t s  i n  t h e  s a f e t y  
and arming device t o  t h e  shaped charges,  

shaped charges t h a t  cu t  t h e  p r o p e l l a n t  c o n t a i n e r s .  

t h e  command t r a n s m i t t e r s ,  r e c e i v i n g  antennas,  command systems, - 

and EBW f i r i n g  u n i t s  a r e  e l e c t r o n i c  components, t hey  a r e  not ass igned f ind ing  
numbers and do not appear on f i g u r e  1. 

3.1. Command Transmit ter  

Command t r a n s m i t t e r s  a r e  provided i n  s e t s  of t h r e e  a t  Cape Kennedy and 
down-range s t a t i o n s  (one t r a n s m i t t e r  f o r  o p e r a t i o n ,  one f o r  standby, and one 
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s p a r e ) .  Each t r a n s m i t t e r  i s  equipped wi th  an e x t e r n a l  audio coder t h a t  gen- 
e r a t e s  t h e  channel frequency and modulates t h e  FM c a r r i e r  w i th  t h e  sequence 
of t ones  necessary t o  i n i t i a t e  f l i g h t  t e rmina t ion .  

3.2. Receiving Antenna 

Four r ece iv ing  antennas a r e  i n s t a l l e d  on panels  a t  t h e  t o p  of t h e  S - I  
s t a g e .  Two a r e  above f i n  I, and two a r e  above f i n  111. These antennas r e c e i v e  
s i g n a l s  from t h e  command t r a n s m i t t e r  and t r a n s f e r  them t o  t h e  S - I  s t a g e  command 
systems. Four r ece iv ing  antennas,  i n s t a l l e d  a t  each f i n  l i n e  on t h e  S-IV fo r -  
ward i n t e r s t a g e ,  r e c e i v e  s i g n a l s  from t h e  command t r a n s m i t t e r  and t r a n s f e r  them 
t o  t h e  S-IV s t a g e  command systems. 

3.3. Command System 

Four command r e c e i v e r s ,  two on t h e  S - I  s t a g e  and two on t h e  S-IV s t a g e ,  
provide 100-percent redundancy. Each command r e c e i v e r  ( c o n s i s t i n g  of a UHF 
r e c e i v e r ,  and audio decoder wi th  a s soc ia t ed  r e l a y s ,  and a power r e g u l a t o r )  de- 
modulates and decodes FM s i g n a l s  from t h e  command t r a n s m i t t e r .  

A d e s t r u c t  system c o n t r o l l e r  i s  l i nked  t o  each command r e c e i v e r .  Each 
c o n t r o l l e r  c o n t a i n s  t h e  necessary c i r c u i t r y  t o  c o n t r o l  t h e  r e c e i v e r  s i g n a l s  
f o r  t h e  EBW f i r i n g  u n i t s  and engine c u t o f f .  

3.4. Exploding Bridgewire F i r i n g  Unit 
- 

An EBW f i r i n g  u n i t  i s  e l e c t r i c a l l y  i n s t a l l e d  between each d e s t r u c t  system 
c o n t r o l l e r  and EBW de tona to r .  The f i r i n g  u n i t  c o n s i s t s  of a f i l t e r  network, 
a h i g h  v o l t a g e  power supply,  an energy s t o r a g e  u n i t ,  and a switch and t r i g g e r  
c i r c u i t .  The power supply transforms 28-volt  v e h i c l e  power t o  2300 v o l t s ,  
which i s  s t o r e d  i n  a c a p a c i t o r .  A s i g n a l  t o  t h e  t r i g g e r  c i r c u i t  causes  a 
spark-gap tube  t o  conduct,  allowing t h e  c a p a c i t o r  t o  d i scha rge  through t h e  
EBW detonator .  

3.5. Exploding Bridgewire Detonator 

Two EBW de tona to r s  screw i n t o  each s a f e t y  and arming device.  These d e t -  
o n a t o r s ,  t h e  i n i t i a l  ordnance component i n  each exp los ive  t r a i n ,  c o n t a i n  a 
f i n e  wi re  (br idgewire)  embedded i n  p e n t a e r y t h r i t e  t e t r a n i t r a t e  (PETN), a high- 
energy explosive.  A gap i n  one lead w i t h i n  t h e  de tona to r  provides  an open 
c i r c u i t  t h a t  prevents  i nadve r t en t  a p p l i c a t i o n  of normal ground o r  v e h i c l e  
power from burning out t h e  bridgewire.  The 2300-volt d i scha rge  from t h e  EBW 
f i r i n g  u n i t  c a p a c i t o r  a r c s  across  t h e  gap and explodes t h e  br idgewire ,  deto-  
n a t  i ng  t h e  PETN. 

3.6. S a f e t y  and Arming Device 

A s a f e t y  and arming device provides a mechanical block i n  each exp los ive  
t r a i n  during pre-launch operat ions.  This  device c o n s i s t s  of a r o t a r y  so l eno id ,  
' s a f e '  o r  'armed' p o s i t i o n  switches,  tapped ho le s  f o r  t h e  EBW de tona to r s  and 
Primacord a d a p t e r s ,  and a r o t o r  with h o l e s  f o r  two PETN i n s e r t s .  



The r o t a r y  so l eno id ,  ac tua t ed  from t h e  launch c o n t r o l  c e n t e r ,  p o s i t i o n s  
t h e  r o t o r  i n  e i t h e r  t h e  ' s a f e '  o r  t h e  'armed' p o s i t i o n .  I n  t h e  ' s a f e '  posi-  
t i o n ,  t h e  PETN i n s e r t s  a r e  a l igned  90 degrees  from t h e  l i n e  between t h e  d e t -  
ona to r s  and t h e  Primacord. I n  t h e  'armed' p o s i t i o n ,  t h e  PETN i n s e r t s  a r e  
a l igned  between t h e  de tona to r s  and t h e  Primacord, thereby completing t h e  
exp los ive  t r a i n .  

3.7. S-I Stage Primacord and Shaped Charges 

Lengths of 50 and 60 g ra ins -pe r - foo t  (gpf)  PETN Primacord t r ansmi t  t h e  
explosion from t h e  S - I  s t a g e  s a f e t y  and arming device t o  100-gpf PETN shaped 
charges t h a t  sever t h e  S - I  s t a g e  p rope l l an t  c o n t a i n e r s .  Primacord Adapter 
Assemblies B508, l eng ths  of Primacord wi th  a 6 -g ra in  PETN f i t t i n g  a t  one end, 
screw i n t o  Safety and Arming Device B504 and s p l i c e  t o  Primacords B505. Prima- 
cords B505, w i t h  t h e i r  f r e e  ends s p l i c e d  t o g e t h e r ,  e n c i r c l e  t h e  S - I  s t a g e ,  
forming a r i n g  on t h e  underside of t h e  s p i d e r  beam 45O f a i r i n g .  Primacord 
and Shaped Charge Assemblies B507 s p l i c e  t o  t h i s  r i n g .  The shaped charge in-  
s t a l l s  i n  a conduit down t h e  o u t s i d e  of each p r o p e l l a n t  con ta ine r .  Upon 
de tona t ion ,  t h e  shaped charges emit d i r e c t e d  streams of very high v e l o c i t y  
p a r t i c l e s  t h a t  sever t h e  p rope l l an t  c o n t a i n e r s .  

3.8. S - IV  Stage Primacord and Shaped Charges 

Primacord Assembly E311 t r a f i m i t s  t h e  explusion from S-IV s t a g e  S a f e t y  
and Arming Device E303 t o  Shaped Charge Assemblies E304 and E309, which seve r  
t h e  LH2 t ank  upon de tona t ion .  
from Shaped Charge Assemblies E309 and E304 t o  Shaped Charge Assemblies E307, 
which sever  t h e  S - I V  s t a g e  LOX tank. Each of t h e s e  Primacord assemblies  con- 
s i s t s  of two p a r a l l e l  l eng ths  of 60-gpf PETN Primacord, taped t o g e t h e r ,  w i th  
a 6-grain PETN f i t t i n g  on each end of each length.  

Primacord Assembly E310 t r a n s m i t s  t h e  explosion 

Each shaped charge assembly c o n s i s t s  of a 100-gpf cyclotr imethylene 
t r i n i t r a m i n e  (RDX) l i n e a r  shaped charge,  w i th  a 6-grain PETN f i t t i n g  on each 
end of t h e  shaped charge. Shaped Charge Assemblies E304 and E309 i n s t a l l  i n  
a t unne l  down the  o u t s i d e  of  t h e  LH2 tank,  and Shaped Charge Assemblies E307 
form a r i n g  around t h e  bottom of t h e  LOX tank.  

3.9. S-11s-IV Ordnance Interconnect* 

Primacord explosively l i n k s  t h e  PDS ordnance on t h e  S - I  and S-IV s t a g e s  
through an i n t e r s t a g e  connect ion block. This  b lock  c o n s i s t s  of two exp los ive  
coupl ing blocks,  one on each s i d e  of t h e  s e p a r a t i o n  plane.  
PDS be detonated by i t s  EBW f i r i n g  u n i t s  be fo re  s e p a r a t i o n ,  t h e  explosion 
would propagate through t h e  i n t e r s t a g e  connect ing Primacord t o  a coupl ing 
block;  exp los ive  charges i n  t h a t  coupl ing block would d e t o n a t e  t h e  o t h e r  
coupling block explosive charges ac ross  a small  s e p a r a t i o n  plane gap; and 
those  charges would propagate t h e  explosion through t h e  Primacord t o  t h e  
o t h e r  s t a g e .  

Should only one 

* Prel iminary Informat ion 
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A s t r a n d  of Primacord Assembly E310 connects  t h e  S-IV s t a g e  ordnance, 
immediately below t h e  LH2 t ank  shaped charges,  t o  Coupling Block E305. 
cord Assembly E312 connects t h e  S-I s t a g e  ordnance a t  t h e  Primacord r i n g  t o  
Coupling Block E306. Primacord B506 provides  a redundant connect ion between 
Primacord E312 and t h e  S-I s t a g e  Primacord r i n g .  

Prima- 

4. FLIGHT TERMINATION SEQUENCE 

The range s a f e t y  o f f i c e r  can t e rmina te  v e h i c l e  f l i g h t  a f t e r  t h e  fol lowing 
have occurred: 

a. The s a f e t y  and arming devices  have been ac tua ted  t o  t h e  armed 
p o s i t i o n  and t h e  command systems have been t r a n s f e r r e d  from 
e x t e r n a l  t o  v e h i c l e  power. This  i s  done wi th  manual switches 
i n  t h e  launch c o n t r o l  c e n t e r  b e f o r e  automatic countdown. 

b. A r e l a y  i n  t h e  d e s t r u c t  system c o n t r o l l e r  has de-energized, 
completing t h e  c i r c u i t  from t h e  command r e c e i v e r .  Th i s  occurs  
when t h e  umbi l i ca l  l i n e s  disconnect  a t  l i f t o f f .  

Should t h e  v e h i c l e  become a s a f e t y  hazard,  t h e  range s a f e t y  o f f i c e r  
would c l o s e  t h e  t h r u s t  terminat ion swi t ch ;  and, 2.5 t o  3 seconds l a t e r ,  he 
would c l o s e  t h e  d e s t r u c t  switch.* These a c t i o n s  would i n i t i a t e  t h e  fol lowing 
sequence : 

a. The command t r a n s m i t t e r s  send a s i g n a l  ( t h r u s t  t e rmina t ion )  t o  
t h e  v e h i c l e .  

b. The r e c e i v i n g  antennas t r a n s f e r  t h e  s i g n a l  t o  t h e  command r e -  
c e i v  er  s. 

c. The command r e c e i v e r s  demodulate and decode t h e  s i g n a l  and 
t r a n s m i t  t h e  separated f r equenc ie s  t o  t h e  d e s t r u c t  system 
c o n t r o l l e r s .  

* d. The d e s t r u c t  system c o n t r o l l e r s  i n i t i a t e  engine c u t o f f  and 
charge t h e  EBW f i r i n g  u n i t s .  

e. The command t r a n s m i t t e r s  send t h e  second s i g n a l  ( d e s t r u c t ) ,  
which a r r i v e s  a t  t h e  d e s t r u c t  system c o n t r o l l e r s  a f t e r  going 
through t h e  same bas i c  sequence a s  t h e  t h r u s t  t e rmina t ion  
s i g n a l  . 

f .  The d e s t r u c t  system c o n t r o l l e r s  a c t u a t e  t h e  EBW f i r i n g  u n i t s .  

* Prel iminary Information 
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g .  T h e  EBW f i r i n g  u n i t s  explode t h e  EBW d e t o n a t o r s ,  i g n i t i n g  t h e  
explosive t r a i n s .  

h .  The shaped charges c u t  t h e  s k i n  of t h e  p r o p e l l a n t  c o n t a i n e r s ,  
al lowing t h e  remaining p r o p e l l a n t  t o  d i s p e r s e  and burn.  

10 L 
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